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Building Information Modeling Based Time And Cost Planning In Construction Projects
This paper presents time and cost planning in construction projects using building information modeling (BIM) approach. The BIM technique can be incorporated into the time and cost planning process through several steps. At the beginning, a 3D model of the construction object is developed using an adequate modeling application. After that, the 3D model is imported into suitable BIM construction management software. Thereupon, the project costs are estimated on the basis of quantities of required resources, consumptions, production rates and unit costs. The project activities are then defined and linked to the construction elements of the 3D model as well as updated with allocated resources and costs. The activities with established durations are mutually connected together into a project network plan by taking into account relevant precedence relationships. The project duration is automatically determined from the generated network plan. Finally, the BIM model of the construction object is completed by upgrading the 3D model with defined scheduling and cost data. An application example is presented in the paper to demonstrate the advantages of BIM implementation in architecture, engineering and construction industry.
Introduction
The main stream for development of software, that can simultaneously manage building, scheduling and cost data as well as to be suitably applied in architecture, engineering and construction (AEC) industry, originated in the year 2004 with the introduction of BIM (Building Information Modeling) (Eastman at al., 2011) . At the beginning, the BIM was used to form virtual 3D building models that were able to visualize the construction objects and make their design more understandable. For this purpose, different modeling software, such as AllPlan, ArchiCAD, Bentley Architecture, Revit Architecture, Tekla etc., were put forward and successfully applied in practice (CAD Addict, 2013) .
Over the years, the modeling software has been upgraded with different modules for handling structural design, analysis of reinforced concrete, mechanical design, energy and environmental issues, visualization, facility management, product and technical information for manufacturers and distributors, etc. Today, some of them use external applications in which the interoperability is often enabled by statical work with import and export of data. Synchronization of multiple data formats, for the purpose of executing the work between the modeling software and other applications in a dynamical manner, is still a great challenge of managing the construction projects using BIM.
Scheduling plans for the construction object frequently represent an outcome of common work of different experts. They may incorporate into schedules various information about execution of project activities, application of materials, assignment of workers, employment of machinery, etc. Classically used software for project scheduling includes computer applications such as MicroPlanner, MS Project, Planisware, Primavera, SuperProject, Teamwork, X-Pert among others. On the other hand, the basic aim of the BIM is to combine 3D building models with scheduling data to produce 4D models in which the fourth dimension is time. The results may include an animation of the construction execution as well as the scheduling data connected to the 3D model.
Nevertheless, accurate estimation and planning of actual project costs are also very important for success in construction business. Handling the project cost data by BIM approach give us an opportunity to manage the construction project costs more efficiently. As soon as the construction costs are identified and connected to the construction elements and scheduling data, the 5D building information model is created.
Over the past few years, the BIM applications have been successfully combined with scheduling and other software (Rundell, 2006; Brisk, 2007; Rundell and Stowe, 2007; Tulke and Hanff, 2007; Muhič, 2008) . However, the combinations between different software were oftentimes unique and hardly generally applicable. It was also reported in mentioned references that the converter must be applied for data synchronization between BIM and scheduling software.
Research papers were also published in the field of BIM based cost management of construction projects Shen, 2010 , Shah, 2011 Mitchell, 2012; Haapio, 2012; Cheung, 2012) . Similarly, as in cases of combinations between BIM applications and scheduling software, the combinations between BIM programs and cost estimation tools also yielded acceptable results, but they were mostly matchless and difficult for wider use. Another limitation was also a lack of appropriate costing methods that are transparent enough and include all required cost components (i.e. labour, material, investment, energy, consumables, overhead, profit, life cycle, etc.) for detailed calculation of construction cost in BIM applications.
A step forward to enable the combinations between BIM applications, scheduling tools and cost estimation programs more employable for wider use was recently done within the Vico Office R4 (2012) software. The purpose of this paper is to give an insight into the construction project time and cost planning process using the BIM approach. The contribution presents a step by step implementation of BIM on an actual construction project using the Vico Office R4 software application as an interface for project time and cost planning. The example demonstrates the advantages of BIM approach and possibilities for its wider integration in AEC industry. 
Project Time And Cost Planning By Bim
BIM based time and cost planning of the construction project can be performed through several steps using Vico Office R4 software. At the beginning, a 3D model of the construction object is developed using an adequate modeling application. Here, the 3D model can be formed in multiple formats such as Revit, Tekla, ArchiCAD, CAD-Duct, IFC files, SketchUp and 3D DWG files that are supported by Vico Office R4 system, see Figure 1 .
When the 3D model of the construction object is formed, the project time and cost planning can be executed employing the BIM approach through work steps demonstrated in the flowchart of Figure 2 .
By the start of BIM implementation in the project time and cost planning process, the 3D model is imported into the Vico Office using an installed add-on of appropriate modeling software (e.g. Revit, Tekla, ArchiCAD etc.) or by additional importers for Google SketchUp, CAD-Duct, 3D DWG, and IFC files. After that, the module Takeoff Manager is applied to determine the geometrical properties of the 3D model. The Takeoff Items are created automatically and can be rearranged in different groups of building elements. The geometrical properties of Takeoff Items are then employed as source quantities for further time and cost planning of the project.
As soon as the 3D model is successfully imported and the Takeoff Items are correctly determined, the project costs can be estimated within the module Cost Planner on the basis of defined quantities of required resources, consumptions, production rates and unit costs. Hence, the source quantities from previous step can be used to calculate the appropriate components or subcomponents of project costs as functions of geometrical properties. All components and subcomponents are hierarchically structured for the purpose of providing the level of cost estimation either for basic or detailed cost calculation. Different versions of estimated costs can be stored end compared within the Cost Planner. The cost components and subcomponents can be newly estimated or imported into the system from previous projects as references.
It is recommended to define locations of building model in order to avoid wastes on time and to have better overview on moving of work crews. For this purpose, the work locations can be defined within the module LBS Manager. The work locations enable the planner to allocate the locationbased quantity takeoffs for further use in scheduling, to determine adequate labour force, material and equipment, as well as to set the number of work hours per location. In this way, the required works in construction project can be done more continuously.
The project activities are then defined and linked to the construction elements of the 3D model employing the module Schedule Planner. The quantities, that were determined during cost estimation process, can now be linked to the construction project activities. At this point, it is important to define the construction project activities correctly because the main scheduling method employed within Vico Office R4 represents the flowline theory and not classical critical path method (CPM). Namely, when the project scheduling is handled by the CPM, the durations of activities are known and they are treated as input data. On the other hand, in the flowline theory, the durations of project activities are calculated and this means a calculation of quantities per location divided by the productivity rate of the work crew.
During the process of project scheduling, the construction activities are mutually connected together into the project network plan by taking into account relevant precedence relationships. Furthermore, the defined links between construction activities also enable the planner to obtain an appropriate flowline diagram or Gantt chart. In the context of Vico Office R4 modeling system, this step can be made in the module called Vico Office Schedule Planner.
Thereupon, the resources and the crew sizes are allocated to the construction project activities. As soon as the work crew productivity rates are appropriately established, the durations of construction activities are calculated and the project duration is automatically determined from the generated network plan. BIM applications represent location-based systems (LBS) for project management which are oriented on planning, scheduling and controlling the project by the location. In this way, it is significant to achieve the work crew's productivity rate by moving from location to location and to minimize the wastes on time, possibility of conflicts etc. In the final step, the BIM model of the construction object is completed by upgrading the 3D model with defined scheduling and cost data. At the end of the step, the project time and cost planning process is completed and the 5D BIM model of the construction object is developed. Note also that the module 4D Simulation, a part of Vico Office R4 software, enables the execution and presentation of an animation of the scheduled construction.
Application Example
In this section, an application example is presented to demonstrate the advantages of BIM technique implementation in AEC industry. The considered example is based on the Vico Office R4 software application. Here, the BIM based project time and cost planning was performed for a shelter building of the Medical Faculty that was recently built in Maribor, see red shaded area in Figure 3 .
The shelter building is a part of Medical Faculty complex that also includes the main building and the corridor to the University Clinical Centre of Maribor. It is a reinforced concrete structure composed from the foundation concrete slab, the ground slab, the retaining external walls, the internal walls, the internal columns and the roof slab. Figure 4 shows the architectural design of the shelter building with main construction elements.
The BIM based project time and cost planning for the shelter construction was executed through several steps.
In the first step, the 3D model for the shelter building was developed using ArchiCAD modeling software. Figure 5 shows ground floor plan for the shelter building and its 3D model. Afterwards, the next task was to import the 3D model of the shelter building into the Vico Office R4 system over the added menu in the main modeling software ArchiCAD, see Figure 6 .
As soon as the import procedure has been completed, the 3D model Figure 7 . Afterwards, the shelter building elements were listed in the Takeoff Manager module and the developed 3D model appeared in the Vico Office R4 as it is shown on the right side of Figure 7 .
In order to define the construction project activities correctly, the shelter building elements were rearranged into several different groups. Figure 8 shows determined groups of shelter building elements and information about their geometrical properties.
In the module Cost Planner, the construction costs were estimated for each building element by adding the appropriate components or subcomponents according to the work that should be done to complete the building with allocated resources (i.e. workers, materials, machinery etc.). It was significant for this step that the appropriate geometrical properties of building elements were used as source quantities. The source quantities were determined using the function with a link to the Takeoff Item and its appropriate geometrical properties. The source quantities were then calculated in accordance with consumptions for the aim of correct cost estimation. The total project cost was defined by adding the shows estimated costs with integrated components and subcomponents of building element Ground slab.
As described in section 2, the main project scheduling method of the Vico Office R4 application is based on the flowline theory. Thus, it was important to include the building locations in the project scheduling process. In the 3D model of shelter building, the three different locations were defined in the module LBS Management, i.e. Upper part, Middle part and Lower part, see Figure 10 .
As an example, Figure 11 presents the building element Columns with information about geometrical properties incorporated into the location Middle part.
Thereupon, the project activities were determined in the module Task Manager in accordance with the construction works that should be executed. The calculated cost data from the Cost Planner was linked to the construction project activities. Figure 12 shows activities on building elements in the module Task Manager and integrated components and subcomponents for the building element Ground slab.
The Schedule Planner, a module in Vico Office R4, was activated to define the precedence relationships between activities for the purpose of project Figure 13 demonstrates the construction work Paneling on the building element Columns with defined Successor and Predecessor.
After that, the resources and the work crew sizes were allocated to the construction project activities. For example, Figure 14 shows the construction work Reinforcement on the building element Roof Slab with allocated eight reinforce man.
After the work crew productivity rates have been defined, the durations of activities and the project duration were calculated. Figures 15-19 demonstrates the developed project network plan, flowline diagram, gantt chart, target bill of quantities and resource graph, respectively. The considered activities of this particular example project as well as colours used to label the construction works and assigned workers in output graphical reports were defined as follows:
The final step was to upgrade the 3D model of shelter building, which was incorporated within the Vico Office R4, with the scheduling data from the Schedule Planner and the cost data from the Cost Planner as well as to develop the 5D model. This task was executed automatically due to dynamical link that was established between the Cost Planner, the Schedule Planner and the Vico Office R4. In the 4D Simulation module, a part of Vico Office R4, an animation of the construction process for shelter building was made. A part of the construction process animation for shelter building is presented in Figure 20 . Different manually selected colours were defined within the 4D Simulation module and used for animation to achieve better visualization of single building elements. Moreover, the actual dates were continuously reported during animation in the left upper corner of the screen. Figure 21 demonstrates an actual phase of shelter building construction and its finalization.
The presented application of Vico Office R4 software indicates possibilities for project participants to contribute to a better management of construction process by implementing BIM technique in their practice. However, the project participants must be willing to make changes in their current work methods and to adopt new approaches. The main advantages of incorporating BIM approach into the construction project scheduling can be summarized as follows: i) all of the information is collected in one place and kept up to date, ii) the conception risk is minimized, iii) all changes in construction automatically influence on other related parts of the model data, iv) all of the information is dynamically linked to the building model, v) the geometrical quantities, the number of items, the required resources, the execution times of project activities, the costs and other data are available to be used in any time. The advantages of construction time and cost planning using BIM may significantly improve the project management, especially in cases of large and complex construction projects in which the project goals are usually related to the quality of the building, short construction time and cost effective realization of the project.
Conclusion
The aim of this paper was to give an insight into the construction project time and cost planning process using the BIM approach. For this purpose, the steps of the time and cost planning of the construction project employing BIM were introduced. An example based on the application of Vico Office R4 software was presented in the paper to demonstrate the advantages of the proposed approach.
In cases when initial design phases are executed to be incorporated into the BIM application, the architects have to develop the 3D building model and to determine required works. However, the design work should not be executed through classical 2D drawings, but the 3D model of the construction object must be created on the basis of geometrical and material properties of building elements. The setup of geometrical characteristics of building elements result in basic quantities such as side length, object surface area, and object volume.
Thus, the 3D model of the building can be modified in a user-friendly manner during the design process because the basic quantities will be automatically updated. After the architectural design is completed, the engineers can upgrade the 3D model with a wide variety of different information related to structural analysis and design, HVAC, energy and environmental issues, visualization, facility management, product and technical information for manufacturers and distributors, etc.
As soon as the 3D model of the construction object is completed, the contractors may execute the cost estimates and the project scheduling. When the building model is upgraded with suitable input data, the contractors may obtain in each moment, for each building element, all relevant information for the execution of works. Such model of the construction object can contain information about the type of building elements, the geometrical quantities, the number of items, the resources needed for implementation, the execution times of project activities, the technology implementation, the costs, etc. The biggest advantage of BIM is that the information about the construction object is stored in one place and kept up to date.
Hence, the use of modern software that allows BIM in construction projects represents a technological progress with many advantages for all participants. In this way, this paper intends to provide new valuable information for construction management experts as well as it will serve as the basis for further research in the field of BIM based construction project management.
